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(57)  An interconnect (26) for connecting first and
second solar cells (37, 20) comprises a base portion
(28) having a first distal section (30). and a first interme-
diate section (33), with the first distal and intermediate
sections (30, 33) being integral with the base portion
(28) and capable of fixture to the first solar cell (37). An
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extension tab (27) is integral to the first distal section
(30), with the extension tab (27) being capable of fixture
to a front side of the second solar cell (20). A diode tab
(29) is integral to the first intermediate section (33), with
the diode tab (28) being capable of fixture to a diode
side of the second solar cell (20), such diode side being
on a side opposite to the front side (Fig. 2).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention generally relates to solar
cells and solar cell panels and in particular to solar cell
interconnects. More specifically, the invention relates to
an improved in-plane solar cell interconnect that sup-
ports a diode on one side of the solar cell.

Description of Related Art

[0002] With the ready availability of solar energy in
outer space for a spacecraft such as a satellite, the con-
version of solar energy into electrical energy with pho-
tovoltaic cells is an obvious choice for producing power.
Higher efficiency in power conversion of sunlight to elec-
tricity equates to either lighter weight spacecraft or high-
er payload capacity, both of which have monetary ben-
efit. One method for incroasing efficiency is to manufac-
ture solar cells with multiple junctions, or layers having
different energy band gaps which have been stacked so
that each cell or layer can absorb a different part of the
wide energy distribution in the sunlight. Because of the
high voltage of these cells compared to silicon and their
susceptibility to reverse bias breakdown, there is a re-
quirement to protect each cell with a bypass diode. At-
tachment of the diode to each cell is in addition to at-
taching interconnects for the purpose of Increasing vol-
inge in a solar cell circuit by series connection. Anumber
of the stacked arrangements or cells is provided in the
form of an array on a substrate or multiple substrates.
[0003] Interconnects are usedin an array of solar cells
to electrically connect the cells to one another in series,
in parallel or both. They must be designed robust to sur-
vive the rigors of the space environment. The individual
solar cells and their substrale can be subject to signifi-
cant mechanical vibration during a launch and thermal
cycling during the course of the spacecraft's mission in
space. The thermal cycling, in tum, leads to thermal ex-
pansion and contraction of the various materials. This
can cause stress on the interconnects if there is a coef-
ficient of expansion (CTE) mismatch between the cells
and the substrate materials. With greater stress in terms
of frequency and magnitude, there can be a shorter life
expectancy of the interconnect. With a shorter life ex-
pectancy of the interconnect, a solar panel in which the
interconnect is utilized will have a shorter life expectan-
cy. Ultimately, the spacecraft on which the solar panel
is used will have a shorter life and result In greater costs
to replace it.

[0004] Various interconnect designs have been at-
tempted in the past. Examples of various interconnects
can be found in U.S. Patent Nos. 5,006,179; 4,193,820;
and 3,819,417. Some of the disadvantages of these de-
signs include the need for two types of connections
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made from two different materials, which tends to com-
plicate manufacturing. Another disadvantage is that the
Interconnects take up or shade active areas of the tops
of the cells. Further, some prior designs provide insuffi-
cient flexibility between the cells or prevent the cells in
an array from being close to one another, thus increas-
ing the area and mass requirements of the array.
[0005] The foregoing designs do not address the is-
sue of an interconnect in the context of a solar cell as-
sembly having a bypass diode. One prior art design,
however, that does so is U.S. Patent No. 5,616,185
wherein a flexible interconnect tab is used to connect a
p-contact on one solar cell assembly to an n-contact on
an adjacent solar cell assembly. Each solar cell assem-
bly includes a bypass diode on the back (or non-illumi-
nated) side of the solar cell. The diode is connected in
opposite polarity with its solar cell so as to provide junc-
tion breakdown protection for the solar cell by limiting
the reverse voltage that can occur across the cell. Thus,
a conductive interconnect that is separate from the in-
terconnect tab connects the anode contact of the diode
to the p-contact of the next assombly. However, a draw-
back to this design is the difficully in removing and re-
placing an individual solar cell from an array without
damaging adjoining cells and structures.

[0006] FIG. 1depicts anotherinterconnect design that
has been used with solar cell assemblies containing a
diode on the back side. A first solar cell assembly 10
includes a cover glass 12 disposed over an ohmic bar
with adhesive 13. The ohmic bar is on the top surface
of a solar cell 14. A wraparound diode tab 17 is fixed to
a front side of the assembly 10 and wraps around to the
back side of the assembly 10 to hold a diode 16 in place
on the back side. Between the diode tab 17 and the solar
cell 14 is an insulation 18. An adhesive layer 15 adheres
the diode 16 to the solar cell 14. In FIG, 1, an intercon-
nect 19 electrically connects the first solar cell assembly
10 to a second solar cell assembly 11. Typically, three
interconnects 19 are used between the adjacent solar
cellassemblies 10 and 11, such as when each assembly
is about 7cm x 3.5cm.

[0007] For the design in FIG. 1, the need for multiple
parts to accomplish connection between the assemblies
11, 12, as well as electrically connect the diode 16, re-
sults in multiple processing and handling steps. In turn,
there is not only increased manufacturing time and ex-
pense, but also more possibilities of solar cell attrition
due to breakage. Additionally, since the diode tab 17 and
multiple interconnects 19 are typically welded at the
ohmic bar, each weld pulse can degrade the electrical
performance of the solar cell assembly 10 due to shunt-
ing. A small shunt reduces the electrical output of the
solar cell 14 by leaking current across the junction or
junctions of the cell 14, thus reducing its conversion ef-
ficiency. A severe shunt results in rejecting the expen-
sive cell 14 completely.

[0008] Furthermore, the diode tab 17 places a strain
on the ohmic weld joint and cover glass 12. Because of
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the thermal and mechanical stresses impartod on the
bonded solar cell 14 in long life missions, the intercon-
nect 19 is typically made with a strong material such as
Kovar, Invar, and molybdenum, On the other hand, the
strong materials make the interconnect 19 stiffer. When
the diode tab 17 is bent around in a wraparound config-
uration, the tab 17 has a tendency to both delaminate
or even shatter a thin cover glass 12, as well as to do-
weld from the ohmic bar on the front surface of the solar
cell 14. This condition can render the diode 16 useless
for protecting the cell 14 from reverse current and also
can reduce the ability of the cover glass 12 to protect
the cell 14 from radiation damage. These two conditions
can then reduce the power of an entire solar cell circuit
connected in series with the damaged cell 14.

[0009] As can be seen, there is a need for intercon-
nects that achieve the following functions or have the
following characteristics: electrical connection between
adjacent solar cells, as well as back to front connection
for a diode mounted on the backside of a single cell;
improved resistance to thermal cycling; flexure in an in-
plane configuration; connection to tho cell with a mini-
mum number of processing steps and cell interconnec-
tion that minimizes the number of welds so that the po-
tential for cell damage is minimized. An in-plane solar
cell interconnect is also needed to reduce the potential
amount of shading to active areas of the cell and to fa-
cilitate cleaning of bonding adhesive off the top surface
of a cover glass.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to an im-
proved interconnect for connecting first and second so-
lar cells. The interconnect comprises a base portion
having a first distal section and a first intermediate sec-
tion, with the first distal and intermediate sections being
integral with the base portion and capable of fixture to
the first solar cell. An extension tab is integral to the first
distal section, with the extension tab being capable of
fixture to a front side of the second solar cell. A diode
tab is integral to the first intermediate section, with the
diode tab being capable of fixture to a diodo side of the
second solar cell, such diode side being on a side op-
posite to the front side. The present invention is appli-
cable both to solar cells used for terrestrial applications
as well as non-terrestrial applications such as on satel-
lites and airplanes and high altitude platforms and vehi-
cles.

[0011] Those and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following drawings, descrip-
tion, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a side cross-sectional view of a solar cell
assembly with an Interconnect and diode tab ac-
cording to a prior art design;

FIG. 2 is side cross-sectional view of a solar cell
assembly with an interconnect according to an em-
bodiment of the present invention;

FIG. 3 is a top plan view of an interconnect accord-
ing to an embodiment of the present invention;
FIG. 4 is a partial top plan view of an Interconnect
according to another embodiment of the present in-
vention;

FIG. 5 is a partial top plan view of a base portion of
an interconnect according to a first embodiment of
the present invention;

FIG. 6 is a partial top plan view of a base portion of
an interconnect according to a second embodiment
of the prosent invention;

FIG. 7 is a partial top plan viow of a base portion of
an interconnect according to a third embodiment of
the present invention;

FIG. 8 is a partial top plan view of a base portion of
an interconnect according to a fourth embodiment
of the present invention;

FIG. 9 is a partial top plan view of a base portion of
an interconnect according to a fifth embodiment of
the present invention;

FIG. 10 is a graph of percent of lots failed versus
cycles to failure for various embodiments of the
present invention;

FIG. 11 is a perspective view of a spacecraft having
a solar cell panel in which the present invention can
be utilized.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] FIG. 2 is a side cross-sectional viow of a two
solar cell assemblies 20, 37 having an interconnect 26
affixed therebetween according to one embodiment of
the present invention. The solar cell assemblies 20, 37
do not form a part of the present invention but are illus-
trated for purposes of understanding the design and op-
eration of the interconnect 26. Accordingly, the solar cell
assemblies 20, 37 can be constructed according to any
well-known design in the art, such as the following. Ad-
ditionally, while the present invention can be used in var-
ious contexts, the present invention is particularly useful
in the context of a satellite 40 (FIG. 11) having a solar
panel 41 comprising a plurality of solar cell assemblies
20, 37.

[0014] The solar cell assembly 20 includes a cover
glass 21 that serves to protect the assembly 20 from
radiation damage. The cover glass 21 is typically made
of materials such as fused silica or microsheet. Under-
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neath the cover glass 21, as viewed from FIG. 2, is an
adhesive layer 22 that adheres the cover glass 21 to a
front (orilluminated) side of a solar cell 23, The adhesive
layer 22 can be made of various materials, such as pol-
ymeric silicone, and is oftentimes about 3 mils thick. The
solar cell 23 is constructed of semiconductor layers ac-
cording to well known methods in the art. Although it can
vary, the solar cell 23 is typically on the order of about
7 mils thick. A bypass diode 24 is usually about 3 mils
thick and affixed to a back (or non-illuminated) side of
the solar cell 23 which is opposite of the front side. Also
affixed to the back side of the solar cell 23 is an insula-
tion layer 25 that insulates the solar cell 23 from a diode
tab 29 of the interconnect 26. The insulation layer 25
may be made, for example, from kapton with acrylic ad-
hesive, and is oftentimes about 1 mil thick,

[0015] The interconnect 26, in this embodiment, in-
cludes an integral base or stress relief portion 28, a plu-
rality of integral extension tabs 27, and an integral diode
tab 29. The diode lab 29 supports the diode 24 in posi-
tion at the back side of the solar cell 23, as well as pro-
viding electrical connection from the back side and to
the front side of the assembly 20. The extension tabs
27 connect an ohmic bar (not shown) located on the
front side of the solar cell 23 to a second solar cell as-
sembly 37. In FIG. 2, the second solar cell assembly 37
can be identical in construction as the first solar cell as-
sembly 20, but is only partially shown in FIG. 2. While
subject to variation, the distance between the first and
second solar cell assemblies is about 10 to 30 mils. Giv-
en the above component thicknesses in the solar cell
assembly 20, the height between the extension tabs 27
and the diode tab 29 is about 8 mils. The base portion
28, extension tabs 27 and diode tab 29 are each about
1-2 mils thick, which can include a silver coating, as de-
scribed below, on opposing surfaces of the interconnect
26.

[0016] The base or stress relief portion 28 comprises
an integrally formed first distal section 30, a second dis-
tal section 31, and a mid section 32 therebetween (FIG.
3). The stress relief portion 28 further includes a first
intermediate section 33 that is disposed between the
first distal section 30 and the mid section 32. A second
Intermediate section 34 of the stress relief portion 28 is
disposed between the mid section 32 and the second
distal section 31. In the embodiment shown in FIG. 3,
the mid sections 33, 34 have a rectangular configura-
tion. The first and second distal sections 30, 31, as well
as the mid section 32, have an octagon configuration.
With such octagon configurations, the first distal section
30 includes a connecting portion 30a, the second distal
section 31 includes a connecting portion 31a, and the
mid section 32 includes a connecting portion 32a. All of
the connecting portions 30a, 31a, 32a are on a side of
their respective sections opposite the extension tabs 27.
Notwithstanding the foregoing, the present invention
contemplates that other configurations can be utilized.
[0017] InFIG. 3, the plurality of extension tabs 27 and
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the diode tab 29 are integrally formed with the base por-
tion 28 along a first edge or side that can be immediately
adjacent the first solar cell assembly 20. The second or
opposite edge of the base portion 28 can then be imme-
diately adjacent the second solar cell assembly 37. In
so doing, the connecting portions 30a, 31a, 32a can be
affixed to the second solar cell assembly 37, such as at
its back side (FIG. 2) by soldering. Before attaching the
cell 20 to cell 37, the extension tabs 27 aro affixed (such
as by welding) onto the front side of the first solar cell
assembly 20 and the diode tab 29 can be affixed onto
the diode or back side of the first solar cell assembly 20
(FIG. 1). While the preferred embodiment shown (FIG.
3) includes two extension tabs 27 integrally formed on
the first and second distal sections 30, 31, as well as the
mid section 32, more or less than two tab 27 can be
used. Further, the number of tabs 27 need not be the
same for each section 30, 31, 32.

[0018] In an alternative embodiment partially shown
in FIG. 4, an interconnect 26' includes a base portion
28' that comprises a first distal section 30", an interme-
diate section 33' and a mid section 32'. On a first side
of the base portion 28' are a plurality of first extension
tabs 27'. However, unlike the embodiment above, this
embodiment includes a plurality second extension tabs
35' positioned on a second side of the base portion 28'
that is opposite the first extension tabs 27'. In effect, the
second extension tabs 35' take the place of the connect-
ing portions 30a, 31a, 32a of the above embodiment.
Fig. 4 illustrates the preferred embodiment for welding
of cell assembly 20 to cell assembly 37. The preferred
method of fixture is by welding because of it being a less
costly and more reliable process than soldering.
[0019] In other of the two embodiments above, it can
be seen that the interconnect 26 (26') provides a sub-
stantially in-plane profile to the first and second solar
cell assemblies 20, 37. In other words, the interconnect
26 (26"), when viewed from the side, extends minimally
above and below the heights of the solar cell assemblies
20, 37. By so doing, the interconnect 26 (26') minimizes
the amount of shading that can occur to the active or
front sides of the assemblies 20, 37. An in-plane profile
also minimizes the amount of adhesive that can be
transferred to the front sides of the assemblies 20, 37,
As practiced in the art, the assemblies 20, 37 are typi-
cally adhered at their back sides to a substrate. The ad-
hesive used for bonding tends to flow up between ad-
joining cell assemblies, over an interconnect, and
across the front sides of the assemblies, particularly
when the interconnect is higher than the heights of the
assemblies.

[0020] Preferably, the interconnect 26 is made of
strong material such as Invar, Kovar or molybdenum. A
silver coating is used over the abovementioned matori-
al, which enables easier welding of the interconnect 26
to the silver that is typically used on the front and back
sides of the solar cell 23. The silver coating on the in-
terconnect 26 may be a plated or clad material. The lat-
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ter is preferred because it has a lighter thickness toler-
ance and there is less chanco of contamination. Plated
material is not as easily controlled as cladding and the
silver thickness can vary over 200 micro-inches per
side. Plating also can result in contamination from un-
cleaned plating solutions or oils.

[0021] Inreferring again to FIGS. 3 and 4, the area of
the base or stress relief portion 28 can be seen as con-
structed with a material having a periodic pattern. In the
embodiments shown in FIGS. 3 and 4, the periodic pat-
tern is in the shape of an oval. However, it can be un-
derstood that other periodic patterns can be used. For
example, FIG 5 depicts another oval pattern, but which
has more connections between adjoining ovals when
compared to thatin FIG.4. In FIG. 6, the patternis in the
form of diamonds, FIG. 7 is in the form of S's, FIG. 8 is
in tho form of sine waves, and FIG. 9 is in the form of
yet another embodiment of ovals.

[0022] The particular size of the shapes constituting
the pattern in the base portion 28 can vary. However, as
examples, in FIG. 5 the distance "a" from one center of
an oval to the next center in a lengthwise direction can
vary between about .040" to .080". The lengthwise dis-
tance "b" of a single oval can vary between about .030"
to .100. The distance "c" from one center of an oval to
the next center based on height can vary between
about .020" to .050". The distance "d" of the thickness
of an oval can vary between about .003"to .010".
[0023] In FIG. 6, an angle "0" varies between about
30° to 60°, as does angle "f." The end-to-end distance
"g" between two adjacent diamonds is between about ..
006" to .020". The length of a diamond "h" varies from
about .020" to .060". The height of a diamond "i" is
about .010" to .040". The height-to-height distance "j"
between two diamonds is about .006" to .020.

[0024] ForFIG. 7, adistance "k" between two S's var-
ies from about .020" to .100". A thickness "I" of an S var-
ies from about .003" to .010".

EXAMPLES

[0025] FIG. 10 depicts the test results of seven em-
bodiments of the interconnect 26 that was subjected to
cycled flexures of 5 mils in a lateral direction. The em-
bodiment (A) was made of silver plated Kovar in the dia-
mond configuration of FIG. 6. The embodiment (B) was
made of silver plated Kovar in the oval configuration of
FIG. 5. The embodiment (C) was made of silver clad
Kovar in the diamond configuration of FIG. 6. Silver clad
Kovar in an oval configuration of FIG. 5 was used for
embodiment (D). Silver clad molybdenum in a diamond
configuration of FIG. 6 was used for embodiment (E).
Embodiment (F) was silver clad molybdenum in an oval
configuration of FIG. 5. Embodiment (G) was silver clad
kovar in an oval configuration of FIG. 9.

[0026] The graphed results in FIG. 10 indicate that
embodiment (G) provided the best results in terms of
failure rate at high cycles. However, all embodiments
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provided acceptable results when it is considered that
in a 15 year GEO space mission, the interconnects un-
dergo only about 1800 thermal cycles and in an LEO
space mission the interconnects undergo only about
20,000 to 40,000 cycles in a typical spacecraft lifetime.
Furthermore, in practice, the interconnects undergo
flexure of about 2-3 mils on a graphite substrate, even
though the test condition was 5 mils to expedite the test.
[0027] As can bo appreciated by those skilled in the
art, the present invention provides an apparatus that
connects solar cells in series, as well as connect a diode
from the back of a cell to the front. The present invention
also provides improved resistance to thermal cycling
and increased flexure. The interconnect of the present
invention can be manufactured with a minimum number
of processing steps, as well as a minimum number of
welds so that the potential for cell damage is minimized.
[0028] The in-plane nature of the presentinvention al-
so reduces the potential amount of shading to active ar-
eas of the cell. At the same time, the in-plane feature
reduces breakage associated with cleaning cured ad-
hesive from the top surface of fragile, germanium or gal-
lium arsenide based thin solar cells. This results from
the fact that cell masking can lay flat in the inter-cell
spaces, thus reducing adhesive squeeze-out onto the
top of the assembly. The invention eliminates the need
for wrapping a tab around the front and back of the cell,
thereby eliminating the potential for cover glass break-
age and tab de-welding, This is because the diode tab
of the present invention is straight and not creating a
spring force by being wrapped around an edge of the
cell.

[0029] It should be understood, of course, that the
foregoing relates to preferred embodiments of the in-
vention and that modifications may be made without de-
parting from the spirit and scope of the invention as set
forth in the following claims.

Claims

1. Aninterconnect (26) for connecting first and second
solar cells (37, 20), characterized by:

abase portion (28; 28') capable of fixture to said
first solar cell (37);

an extension tab (27; 27') integral to said base
portion (28; 28') and capable of fixture to said
second solar cell (20); and

a diode tab (29; 29') integral to said base por-
tion (28; 28') and capable of fixture to a diode
(24) in said second solar cell (20).

2. The interconnect of claim 1, characterized in that
said base portion (28) comprises a distal section

(30; 30") and an intermediate section (33; 33).

3. The interconnect of claims 1 or 2, characterized in
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that said base portion (28) comprises a first distal
section (30) and a second distal section (31).

The interconnect of any of claims 1 to 3, character-
ized in that said base portion (28) comprises a plu-
rality of intermediate sections (33, 34).

The interconnect of any of claims 1 to 4, character-
ized in that said base portion (28; 28') comprises a
material in a periodic pattern.

The interconnect of any of claims 1 to 5, character-
ized by a plurality of extension tabs (27; 27, 35).
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